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(54) Inverter apparatus for supplying a brushless DC motor with drive power 



(57) An inverter apparatus detects a common mode 
current (=!}) flowing from the phase windings (123r, 
123s, 123t) of a brushless DC motor (120) to an earth- 
ing terminal (E) by way of the closed case (111) of a 
compressor (101), generates an electric current (y 



having a waveform similar to that of the detected com- 
mon mode current (=!-,) and forcibly offset the high fre- 
quency leak current (=l n ) flowing from the compressor 
motor (120) by the generated electric current (12). 
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FIG. 1 is a block diagram of an air conditioning apparatus showing the refrigerating cycle of the operation thereof 
that can be used for the purpose of the present invention. 

FIG. 2 is a schematic cross sectional view of a compressor that can be used for the purpose of the invention. 
FIG. 3 is a block diagram of the control circuit of the first embodiment of the invention. 
5 FIG. 4 is a graph showing the waveform of the high frequency leak current l n of each of the preferred embodiments. 

FIG. 5 is a graph showing the waveform of the offsetting current l 2 of each of the first through fourth embodiments. 
FIG. 6 is a graph showing the waveform of the electric current l 3 made to flow to the ground by the offsetting effect 
of each of the preferred embodiments. 

FIG. 7 is a block diagram of the control circuit of the second embodiment. 
io FIG. 8 is a block diagram of the control circuit of the third embodiment. 

FIG. 9 is a block diagram of the control circuit of the fourth embodiment. 

FIG. 10 is a block diagram of the control circuit of the fifth embodiment. 

FIG. 1 1 is a block diagram of the control circuit of the sixth embodiment. 

FIG. 12 is a block diagram of the control circuit of the seventh embodiment. 
is FIG. 1 3 is a block diagram of the control circuit of the eighth embodiment. 

FIG. 1 4 is a block diagram of the control circuit of the ninth embodiment. 

[1] Now, the first preferred embodiment of the invention will be described below 

20 FIG. 1 is a block diagram of an air conditioning apparatus showing the refrigerating cycle of the operation thereof 

that can be used for the purpose of the present invention. 

Referring to FIG. 1 , there are arranged a compressor 101, a condenser 102, a pressure reducer (e.g., an extension 

valve or a capillary tube) 103, an evaporator 104 connected by piping to establish a closed loop for the refrigerating 

cycle of the air conditioning apparatus. The closed loop of the refrigerating cycle contains therein an HFC (hydrof luor- 
25 ocarbon) type refrigerant that may be a mixture of HFC-32 and HFC-125 (containing both HFC-32 and HFC-125 at 50 

wt%). 

The refrigerant to be sealed in the closed loop may be HFC-32 (CH 2 F 2 ), HFC-125 (CHF 2 CF 3 ), HFC-134a or HFC- 
143a that is used independently or a mixture of any of them such as R-410A, R-407A. R-407B, R-407C or R-404A. 
As shown in FIG. 2, the compressor 101 is housed in a closed case 111. The closed case 1 1 1 is provided with a 
30 suction pipe 112 fitted to a lower area thereof and a discharge pipe 113 and a terminal 114 fitted to an upper area 
thereof. 

The closed case 1 1 1 contains therein a motor 1 20 and a compressor section 1 30 to be driven by the motor 1 20. 
The motor 120 is a brushless DC motor comprising a stator 121 and a rotor 122. The stator 121 is provided with 
three phase windings 123r, 123s and 1231 The rotor 122 is realized by axially arranging a number of disc-shaped steel 
35 plates to form a multilayer structure with a shaft 1 24 running through the structure to operate as a core and four perma- 
nent magnets surrounding the shaft 124. 

The phase windings 123r ( 123s and 123t of the stator 121 sequentially generates respective magnetic fields as 
they are sequentially energized in a switched manner (commutation) and the magnetic fields interact with the magnetic 
fields generated by the respective permanent magnets of the rotor 122 to generate a torque in the rotor 122. 
40 The compressor 1 30 has a main bearing 1 31 and a sub-bearing 1 32 for holding the shaft 1 24 that also runs through 
the compressor 130 in position and a cylinder 133 disposed between the bearings 131 and 132. The cylinder 133 con- 
tains therein an eccentric section 124a of the shaft 124. A roller 134 is arranged around the outer periphery of the 
ccentric section 124a and a compression chamber 135 is formed around the roller. The compression chamber 135 is 
held in communication with a suction port 1 36, which by turn communicates with the suction pipe 112. The cylinder 1 33 
45 is provided with a discharge port (not shown) at a position corresponding to the compression chamber 135. 

As the motor 120 is driven to rotate the rotor 122 and the shaft 124, the rotor 134 of the compressor section 130 is 
rotated eccentrically to give rise to suction pressure (negative pressure) in the compression chamber 1 35. Then, refrig- 
erant is sucked from the suction pipe 112 into the compression chamber 135 under suction pressure and then com- 
pressed in the compression chamber 135 before it is discharged into the closed case 111 through the discharge port. 
so The refrigerant discharged into the closed case 1 1 1 is then fed to the above described refrigerating cycle by way of the 
discharge pipe 113. 

The closed case 111 contains lubricant oil 140 on the inner bottom thereof, which lubricant oil 140 lubricates and 
cools the mechanism of the compressor section 130. 

There is also provided an inverter apparatus as shown in FIG. 3 for feeding the motor with drive power. 
55 A DC circuit 5 is connected to commercial AC power supply 1 by way of a low-pass filter (which is also referred to 
as a line filter) for removing noises. 

The low-pass filter 2 comprises a pair of choke coils 3, 3 and a pair of capacitors 4, 4 and blocks the transmission 
of high frequency noise from the DC circuit 5 to the power supply 1 . 

The DC circuit 5 comprises a rectifying circuit 6 realized through bridge connection of four diodes 6a, a low-pass 
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58 for transforming the voltage generated in the current offset circuit 61 to a common mode voltage, an amplifier circuit 
62 for subjecting the output voltage of the common mode transforming circuit 58 to class A push-pull amplification by 
means of an NPN-type transistor 52 and a PNP-type transistor 53, diodes 54 respectively connected between the cor- 
rectors and the emitters of the corresponding transistors 52, 53 for the prevention of counter-electromotive force, an LC 

5 resonance circuit composed of a coil 55 and a capacitor 57 connected to the output terminals of the amplifier circuit 62 
and another LC resonance circuit composed of the coil 55 and a capacitor 58 also connected to the output terminals of 
the amplifier circuit 62. With the above arrangement, the common mode current flowing from the phase windings 123r, 
123s and I23t to the earthing terminal E is detected by means of the low-pass filter 7 and the detected common mode 
current is transformed into a common mode voltage, which is produced between the common point P and the earthing 

70 terminal E so that a reversely directed voltage is generated by said amplifier circuit 62 and the LC resonance circuits to 
offset the detected common mode voltage and applied to the conduction lines 15r, 15s and 15t by way of the mutual 
conductance of the coil 55 and the coils 51 r, 51s and 511 

The current offset circuit 60 is driven to operate by the output voltage of the DC circuit 5. 
Otherwise, this embodiment has a configuration same as that of the second embodiment. 

75 With the above arrangement, an electric current having an intensity proportional to the common mode current is 
detected by the current detecting circuit 61 and the voltage produced in the current detecting circuit 61 is transformed 
to a common mode voltage. Then, a reversely directed voltage is generated for offsetting the detected common mode 
voltage and applied to the conduction lines 15r, 15s and 15t to offset the common mode voltage. 

As the common mode voltage is offset no common mode current flows. As a result, the high frequency leak current 

20 \^ can be reliably reduce the high frequency leak current I ^ if the switching circuit 1 1 is operated with a high switching 
frequency. % 

Additionally, this embodiment is effective for suppressing the voltage appearing on the motor shaft and on the noise 
terminal that can give rise to electromagnetic disturbances. 

25 [7] The seventh embodiment of the invention be described by referring to FIG. 12. 

In this embodiment, the PNP-type transistor 53 of the current offset circuit 60 of the sixth embodiment is replaced 
by another NPN-type transistor 63. 

This embodiment has an advantage that the offsetting current l 2 can be generated by using only NPN-type transis- 
30 tors that are available in a variety of types without forming a complementary push-pull (tristate) circuit comprising a 
PNP-type transistor that is limited in terms of type good for achieving a high withstand voltage and a high amplifying 
factor and adaptable to high frequencies. 

Otherwise, this embodiment has a configuration same as that of the sixth embodiment and is as effective as the 
sixth embodiment. 

35 

[8] The eighth embodiment of the invention be described by referring to FIG. 13. 

In this embodiment, the coils 3 of the low-pass filter 2 of the preceding embodiments are replaced by coils 72a, 72b, 
which are arranged onto a ferrite core 71 . The voltage obtained at the downstream of the low-pass filter 2 is used to 
40 drive the current offset circuit 60. 

Otherwise, this embodiment has a configuration same as that of the sixth embodiment and is as effective as the 
sixth embodiment. 

[9] The ninth embodiment of the invention be described by referring to FIG. 14. 

45 

In this embodiment again, an electric current having an intensity proportional to the common mode current is 
detected by the current detecting circuit 61 and the voltage produced in the current detecting circuit 61 is transformed 
to a common mode voltage. Then, a reversely directed voltage is generated for offsetting the detected common mode 
voltage and applied to the conduction lines 15r, 1 5s and 15t to offset the common mode voltage. 

so 

[10] The tenth embodiment of the invention will be described below. 

In any of the preceding embodiments, ester type or ether type lubricant oil and mineral oil type or alkylbenzene type 
lubricant oil are used for the lubricant oil 140 contained in the closed case 111. 
55 While ester type or ether type lubricant oil is compatible with the HFC refrigerant of the refrigerating cycle, it shows 
a high dielectric constant and can increase the high frequency leak current l 1( On the other hand, mineral oil type or 
alkylbenzene type lubricant oil is not very compatible with the HFC refrigerant, it shows a low dielectric constant. 

Of the lubricant oil 140 discharged from the compressor 101 with the refrigerant, the ester type or ether type com- 
ponent is dissolved into the lubricant oil 140 to reduce its viscosity. The lubricant oil 140 with a reduced viscosity shows 



7 



70 



75 



?0 



EP 0 809 346 A1 

^•^flu-clityasamatterofco^e. 
The mineral oil type or alkvih 

oi| , of *• r ^^^^c^T ^ ,ife ° Pera,, ' 0n * ^ CO ^oM01 

ens ,c propert.es of lubricant oil of various types. 




Table 2 



Refrigerant 


Dielectric constant (cir.) 
as liquid 


HFC-32 


11.3 


HFC-125 


4.1 
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The refrigerant existing in the closed case 11 1 of the compressor 101 is partly dissolved into the lubricant oil 140 
and the rest is gasified. The gasified refrigerant does not affect the high frequency leak current I-, due to its dielectric 
constant. 

The refrigerant to be sealed in the refrigerating cycle may be HFE refrigerant (hydrofluoroether) instead of HFC 
refrigerant 

Claims 

1 . An inverter apparatus for outputting drive power to a brushless DC motor (120) having three phase windings (123r, 
123s. I23t) and housed in a closed case (111) of a compressor (101) to which the inverter belongs, said closed 
case (ill) being connected to an earthing terminal (E), characterized by comprising; 

a DC circuit (5) for transforming the voltage of an AC power supply (1 ) to a DC voltage; 

a switching circuit (1 1) for transforming the output voltage of the DC circuit (5) to a high frequency voltage by 

switching operations and outputting the high frequency voltage as said drive power; and 

an offsetting means for offsetting the leak current flowing from the phase windings (123r, 123s, 123t) of said 

brushless DC motor (120) to the earthing terminal (E) by way of said closed case (1 11). 

2. An apparatus according to claim 1 , characterized in that; 

said offsetting means comprises a current detector (31) for detecting the common mode current (=l r ) flowing 
from said phase windings (123r, 123s; 123t) to said earthing terminal (E) by way of said closed case (111) and 
a current offset circuit (30) for producing an electric current (12) having a waveform similar to that of the com- 
mon mode current (=l t ) detected by the current detector (31). said current offset circuit (30) having an output 
terminal connected to said earthing terminal (E). 

3. An apparatus according to claim 2. characterized in that; 

said DC circuit (5) has output lines (5a, 5b). 

4. An apparatus according to claim 3, characterized in that; 

said current detector (31) detects said common mode current [m\ A ) from said output lines (5a, 5b). 

5. An apparatus according to claim 2, characterized by further comprising; 

a noise removing filter (7) arranged on said output lines (5a, 5b). 

6. An apparatus according to claim 5. characterized in that; 

said current detector (31) detects said common mode current (=1^ by means of said filter (7). 

7. An apparatus according to claim 5, characterized in that; 

said filter (7) comprises coils (9a, 9b) inserted respectively into said output lines (5a, 5b) and a core (8) wound 
by said coils (9a, 9b). 

8. An apparatus according to claim 7, characterized in that; 

said current offset circuit (30) comprises a current detecting coil (36) wound around said core (8) of said filter 
(7) and an amplifier circuit (39) for amplifying the voltage generated in said current detecting coil (36), detects 
said common mode current (=!-,) by means of said current detecting coil (36) and produces an electric current 
(l 2 ) having a waveform similar to that of the common mode current (=1-,) to said amplifier circuit (39). 

9. An apparatus according to claim 8, characterized in that; 

said amplifier circuit (39) is a circuit comprising a pair of transistors (32, 33) for class A push-pull amplification. 
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